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(54) Method of manufacturing thin zirconia films by electrophoretic deposition 



(57) A method for manufacturing a thin zirconia film 
comprises the steps: 

(a) preparing a suspension in which partially-stabilized 
or stabilized zirconia particles having electric charges 
are dispersed in a solvent; (b) positioning a pair of elec- 
trodes in the suspension; (c) applying an electric field 
between the electrodes, said zirconia particles moving 
to the electrode and said zirconia particles being depos- 
ited on the electrode electrochemically; and (d) sintering 
the zirconia film to form a partially-stabilized or stabilized 
thin zirconia film. 
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Description 

BACKGROI I KI D OF TUP iKlVPMTinM 
s 1. Field of the Invention 

The present invention relates to a method for manufacturing a thin Zirconia film, and more oarticularfv to a mpthnri 
for manufacturing a thin Zirconia film by the electrophoretic deposition method. Particularly, to a method 

io 2. Description of the Related Art 

fuel -i. 3 *"^ (rf | manu ^ cturin ?. a electrolytic film, in particular, a solid electrolyte film of a solid-electrolyte tvoe 
5S P N JJSSmE I" 9 ( ) - e,ectrochemical vapor deposition ( EVD ) method has baUSSSSSS 
» t^pla^^^ 

In a case where an yttria-stabilized zirconia film is formed with the foregoing method in a first sten re*rt,w ran . 
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ZrCI 4 + 2HzO Zr0 2 + 4HCI (1) 



2YCI 3 + 3HzO Y 2 0 3 + 6HCI 



(2) 



At this time, a surface of the substrate is subjected to an atmosphere of the reaction oases ZrO. and YCl, «hH a 

72l*^ B "IT 9 15 SUbjeCted t0 *" atmOSphere ° f ^ co^n^Sa^^rSS SuSL 
of the substrate except the portion, on which the film will be formed, are sealed up so that reactionswfth zTci vn 
which arethereactiongases. oxygen and steam are prevented. Ntotethatmepres^e^tt^S "5SS£i225 
steam exists, is maintained at a l^i^«»«a?t»^ h J£CSZS^25 

so In a second step, reactions represented by the following formulas (3) and (4) proceed so that reactions an*™ tho 
reaction gases and oxygen ions generated due to the reactions represented by the folfowing 
place, whereby forming an yttria-stabilized zirconia film. 9 rarmulas and W teke 

35 ZrCI 4 + 202-->Zr0 2 + 4e- + 2CI 2 (3) 
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YCI 3 + 302-->Y 2 0 3 +6e- + 3CI 2 (4) 
H 2 0 + 2e--*H 2 + O2- (5) 
0 2 + 4e"^20 2 
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(6) 

By employing the foregoing method, a fine solid electrolytic film of the order of tens of urn can easily be formed 

arise o^^^^ * th ? CVD ' EVD mettl0d ' Su * ,ied in 1,18 fo ™ o^Te S pnJsSe 

arise problems in that the yield is excessively low, a costly apparatus is reanirpri tn frvm +h a «i m „ Z . 

rate is very tow. What is worse, a fact has bin known •HEX P S£e ^&£££2£!3 

as the materia, for the electrode of a solid-electrolyte type fuel cel.. causes the 

corrode gases of metal chlorides chlorine, hydrochloric acid and the like at about 1273 K whSiis Z r22E te£ 
perature. thus resulting in the material being deteriorated. watton tenv 
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It is an object of the invention to provide a method for manufacturing a thin zirconia film which is caeable of ma™, 
Murjng. very thin zirconia film having a uniform thickness with exceL yiek, SS a ^ 

_ 'pother object of the invention to provide a method for manufacturing a thin zirconia film which is caoable of 
manufacturing a fine and thin zirconia film with an excellent efficiency capaeie of 

of JlZT*? ^ ST 6 inVenti0n *° Pr0Vide 3 me,h0d for ^ ufa ^"ngathinzirconiafilm with which the material 
of electrodes does not detenorate even rf a perovskite oxide is employed as the material of the electrodes. 
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In order to attain the object, the present invention provides a rr 
the steps: 

(a) preparing a suspension in which partially-stabilized or st 
5 dispersed in a solvent; 

(b) positioning a pair of electrodes in the suspension; 

(c) applying an electricfiekj between the electrodes, said zircc 
particles being deposited on the electrode by an electrochen 

(d) sintering the zirconia film to form a dense partially-stabili; 

10 

B RIEF DESCRIPTION QF T HE= DRAWINGS 

Fig. 1 is a schematic view showing an electrophoretic depos 
a thin zirconia film according to the present invention; 
is Fig. 2 is a graph showing the relationship between the elec 
added iodine in a case where acetylacetone is used as the s 
Fig. 3 is a graph showing the dependency of the quantity of 
of added iodine; 

Fig. 4 is a graph showing the dependency of the quantity of 
20 which the electrophoretic deposition is performed; 

Fig. 5 is a graph showing the dependency of the quantity of 
voltage; 

Fig. 6 shows a photograph of a zirconia electrolyte film manuf 
tion and taken by a scanning electron microscope; 
25 Fig. 7 is a graph showing the relationship among the sintering 
of the output from the hydrogen-oxygen concentration cell anc 
film; and 

Fig. 8 is a graph showing the power generation characteristics 
electrolytic film manufactured by the method according to the 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the present invention, a suspension is prepared in which pi 
electric charges are dispersed in a solvent. A pair of electrodes i 

35 applied between the electrodes. Said zirconia particles move to t 
on the electrode electrochemically, thereby a zirconia film being 
partially-stabilized or stabilized thin zirconia film. 

The suspension is prepared by dispersing the partially-stabiiiz 
organic solvent. The organic solvent is preferably acetylacetone. 

40 In the present invention, a electric conductivity of the suspensi 
The electric conductivity is monitored to measure the quantity of 
trophoretically deposited on the electrode. Iodine in a quantity cor 
The electrode, on which the partially-stabilized or stabilized zi 
solid solution of oxide represented by general formula ( ln 1mX A x 

45 least one selected from a group consisting of Ca, Sr and Ba t D i; 
Cr and Co, and x and y respectively satisfy 0 s X % 1 and 0.8 s ' 
In the present invention, a thin zirconia film is manufacturec 
with which a thin film is formed by the electrophoretic deposition. S 
which are the raw material for forming the zirconia film, are used 

so the thin zirconia film is formed by the electrophoretic deposition r 
compared with the CVD-EVD method in which the raw materia] is 
By preparing the suspension for use in the electrodepositiot 
generation is prevented on the surface of the substrate of the eli 
therefore the density of deposition of zirconia particles is raise* 

55 obtained. Thus, the foregoing method is suitable for forming an el 
iodine to the solvent in an appropriate quantity, the electric cone 
quantity of zirconia that is deposited per unit time period is enlan 
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Since the electrophoretic deposition method is capable of easily controlling the quantity of deposited zirconia in 

SET? <B * d ^T" ^ in WhiCh *• «•*■■*«■« deposition is peZned. tte SSnZSTta 

obtained zirconia film can precisely be controlled. 

Furthermore, the electric conductivity of the suspension is always monitored at the time of performing the electro- 

t rSTSSS!!?" *2T? ° f C ° nSUmed 50 aS t0 ^ add **» in a 1"*"% corresponding 

to the consumed quantity, whereby maintaining the electric conductivity at a predetermined level Thus, the film can 
always be formed efficiently, and therefore the film thickness can accurately be controlled 

Afco in a case where the perovskite solid solution of oxide represented by general formula (Ln^ x ) „ D0 3 ( where 

' dS ' A iS 31 ' eaSt ° ne SeleCt6d fr0m a *»» consisting of Ca. Sr and Ba, D is at least o^e 
selected from a group consisting of Mn. Cr and Co, and x and y respectively satisfy 0 s X s 1 and 0.8 s Y s 1 ) which 

H P^rSrJwl 38 *1! V™* * 1he e,eCtradSS ° f 3 «*W«Wyt. type fuel cell, is used as the electrode 
(the e, ^esubstrate). on wh,ch zircoma particles are deposited at the time of performing the efectrophoretic depo^ 

S in ^S2, SUbStrate J n0t ^ jeCted t0 cwrosive substances d«""9 the film forming process. Thus. deX 
ration in the substrate can significantly be prevented. 

EXAMPLE 



.irconiS ^1 ^ 9 k I W '" n0W b6 dSSCTibed 38 30 examp,e * tne method of manufacturing a thin 
test of a solid-electrolyte type fuel cell using the foregoing film will now be described 

.JUS* "J* "f "IT"™ 3 T' 0165 ( 8 m0 ' % ) were used as the electrolyte material, and various ketones 

£ 5 x 1 ^ ^ 35 the SOlVentS 50 ,hat 3 sus P ension for use in *• electrophore7c 

deposition process was prepared. To adjust the electric conductivity, iodine was added in a variety of quantities At this 
time, zirconia particles were added by 10 g with respect to 1 liter of the solvent 

sufficientiy US ' PrePared WaS processed witn ultrasonic so that the zirconia particles were dispersed 

As shown in Fig. 1. Lao. 8 Sr 02 Mn0 3 was. as an electrode substrate 2 for electrically depositing zirconia immersed 

I! 3 8 <T e Mnn n IZ ^"^f ' 4 ' £ xlf tinUm Wir8 3 W3S ^ dh »»« l at *• electrode to surround the 

Lao 8 Sr 0 . 2 MnO 3 electrode substrate 2. Then, the Lao. 8 Sr 0 . 2 Mn0 3 electrode substrate 2 was set as the cathode and the 
platinum w,re 3 was set as the anode, and predetermined voltage was applied from a direct current poJSSSX 

12 r r J 9 r en Z T n ' a WaS form6d °" thS el6Ctr0de SUbS * ate 2 - 1,16 9^ zirconia f am fo«"ed on the substrate 
S ,i „ r °° m tem P erature - ^ then 2ir c°nia film was. in the air. sintered at temperature of 1523 K to 1573 K 
so that a dense Zirconia film was obtained. 

Rg " 2 is a graph shaming the relationship between the quantity of added iodine and the electric conductivity of the 

Slnl ? ? k kS. the u sus P ens,on ,s raised as the quantity of added iodine increases. Rg. 3 is a graph 
showing the relationship between the quantity of added iodine and the quantity of electrically deposited zircon* in a 
case where acetylacetone was used asthesolvent. the applied voltagewaslOVandthetJme in which the electrophoretic 
deposition was penbrmedwassm 

t °. the u . qua r tity of added iodine - 11181 * fe cts have been confirmed that the increase in the quantity 
1 J, I"! T B the e,eCtriC conductivit y initial| y *"W the quantity of electrophoretic deposition and thatthe 
quantity of electiophoretic deposition decreases if the quantity of added iodine exceeds a predetermined value There- 
SH^Ef y J" W u hi ' e 6nabling ^afi"" Sickness to be controlled, the quantity of iodine to be added must 

?" 0 *°t^ a ^ 

conductivity of the suspension is. during the electrophoretic deposition, maintained within a range near the value, at 
TmS^ 6 ^T!? f ectrical, y deposited zirconia becomes the maximal value as shown in Fig. 3. a film can be formed 
effuaently such that a large quantity of electrophoretic deposition per unit time can be realized. Another fact that the film 
SSlf ?J? accurately can be understood. Therefore, it is preferable that the quantity of iodine to be 

added be determined in such a manner that the electric conductivity of the suspension is included in a range near the 

TZZ!!! *£T" 1 3 V5? ** th8 ma5dma ' QUantity * deposition is not determined simply in 

accordance wrth the quantity of .odine and the electric conductivity because it also depends upon the concentration of 
zirconia particles. 

Table 1 shows film forming conditions, the quantities of electrically deposited zirconia and the film qualities with 
vanous solvents in a case where respective f ilms have been formed in accoidance with the foregoing procedure. 
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[Table 1] 



Solvent 


Quantity of added 
iodine (g/l) 


Applied 
voltage (V) 


Time in which elec- 
trodeposition is 
performed (min) 


Quantity of electri- 
cally deposited zir- 
conia (rrtg/cm 2 ) 


Quality of 
formed film 


Acetylacetone 


0.6 


10 


5 


14.0 


uniform 


Acetone 


0.25 


300 


5 


2.1 


uniform 


Cyclohexane 


0.2 


100 


3 


15.1 


uniform 


Ethanoi 


0.6 


100 


3 


38.3 


many cracks 


Methylisobutylke- 
tone 


0.2 


100 


3 


13.8 


many cracks 


3-pentanone 


0.2 


100 


3 


5.6 


non-uniform 


4-methylacetophe- 
none 


0.2 


100 


3 


1.1 


non-uniform 


Water (pH = 2.5) 


0 


10 


3 


very small quantity 


dot-like shape 


Methyiethylketone 


0.2 


300 


3 


very small quantity 




Propiophenone 


0.2 


300 


3 


very samll quantity 
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As shown in Table 1 , when 3-pentanone, 4-methylacetophenone, methyiethylketone, propiophenone or water was 
used as the solvent, the quantity of electrically deposited zirconia was very small and the film forming efficiency was 
unsatisfactory. 

When ethanoi or methylisobutylketone is used, a large quantity of zirconia could be electrically deposited and thus 

30 a somewhat efficient film forming could be performed. However, a multiplicity of cracks were observed in the foregoing 
case and thus a confirmation was made that a dense electrolyte film could not easily be obtained. 

When acetylacetone, acetone or cyclohexane was used, a significantly uniform film was obtained though the quantity 
of electrophoretic deposition varied depending upon the quantity of added iodine, applied voltage and the time in which 
the electrophoretic deposition was performed. 

35 in particular, when acetylacetone was used as the solvent, a fact was confirmed that the quantity of electrically 
deposited zirconia and the time in which the electrophoretic deposition was performed has a proportional relationship 
as shown in Fig. 4 and thus the film thickness could be controlled widely by means of the time in which the electrophoretic 
deposition was performed. On the contrary, when acetone was used as the solvent, the quantity of electrically deposited 
zirconia was immediately saturated with respect to the time in which the electrophoretic deposition was performed as 

40 shown in Fig. 4. Thus, a fact was confirmed that a relatively thick film could not easily be obtained. 

Fig. 5 shows the relationship between the applied voltage and the quantity of electrically deposited zirconia in a 
case where acetylacetone was used as the solvent ( the time in which the electrophoretic deposition was performed: 3 
minutes; the quantity of added l 2 : 0.6 g/Iitter). As can be understood from Fig. 5, change in the applied voltage as well 
as enables the quantity of electrically deposited zirconia per unit time to be controlled. 

45 On the basis of the foregoing result, acetylacetone was used as the solvent, stabilized zirconia particles were added 
at a rate of 10 g/Iitter and iodine was added at a rate of 0.5 g/Iitter so that a suspension was prepared, and the electro- 
phoretic deposition was performed under conditions that the applied voltage was 20 V and the time in which the elec- 
trophoretic deposition was performed was one minute. When the electrophoretic deposition was performed, the electric 
conductivity of the suspension was always monitored to control the quantity of iodine to be added in such a manner that 

so the electric conductance was set in a range of 1 x 10 ~ 5 to 1 x 10 " 3 Scm ~ 1 with which the quantity of electrophoretic 
deposition was made to be the maximum value or in the vicinity of the same. 

The obtained film in the green state was dried at room temperature, followed by being sintered in the air at 1523 K 
to 1573 K. 

The foregoing electrophoretic deposition and sintering processes were repeated 5 to 6 times under the same con- 
55 drtions, so that a dense zirconia electrolytic film was obtained. In the foregoing case, th quantity of electrophoretic 
deposition was controlled by means of parameters of the voltage and the time, so that a zirconia f Dm was obtained which 
had a thickness of 1 to 100 urn, which was an appropriate thickness range for a solid-electrolyte type fuel cell. 

Fig. 6 is a photograph taken by a scanning electron microscope ( SEM ) and shows a zirconia film obtained by, fiv 
times, repeating electrophoretic deposition and sintering ( 1 573K for 6 hours ) on the Lao 8 Sr o .2 Mn °3 electrode substrate 
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and having a thickness erf 10 urn. As shown in Fig. 6. a fact was confirmed that a zirconia electrolytic film having the 
surface that exhibited excellent smoothness was obtained under the foregoing conditions. 

Then, Ni was applied to the surface ( which was the surface opposing the La<, 8 Sr 0 2 Mn0 3 electrode substrate ) of 
the thus-formed zirconia electrolytic film so that a fuel electrode was formed and. thus, a hydrogen-oxygen concentration 
cell was manufactured. 

Fig. 7 is a graph showing the relationship among the sintering temperature of the zirconia film, the maximum density 
of the output from the hydrogen-oxygen concentration cell and the X-ray diffraction intensity of SrZr0 3 in the zirconia 
film. As shown in Fig. 7, the maximum density of the output from the hydrogen-oxygen concentration cell was raised as 
the sintering temperature of the zirconia film was raised, and as a result of which a maximal value was indicated when 
the zirconia film was sintered at 1548K. The reason for this can be considered that the rise in the sintering temperature 
raise the density of the zirconia film and the contact between the electrolytic film and the material for the electrode to 
be improved and therefore the maximum output density is raised. On the other hand, the X-ray diffraction intensity of 
SrZrOj, which is the internal resistance component, is strengthened as the sintering temperature is raised, and therefore 
the effect of SrZr0 3 becomes dominant at about 1548K. As a result, the maximum output density can be lowered 

Then, the zirconia film was sintered at 1548K and the electrophoretic deposition and sintering were repeated six 
times so that a cell was manufactured, the cell being then used to recognize the power generation characteristics The 
realized power generation characteristics were shown in Fig. 8. The cell had an open-circuit electromotive force of 1 02 
V. a short-circuit electnc current density of 6.5 A/cn* and a maximum output density of 1 .72 W/cm2 The opening-circuit 
electromotive force of 1 .02 V considerably approximated a theoretical open-circuit electromotive force of a hydrogen/oxv- 
gen fuel cell. 7 

Although yttria-stabilized zirconia particles were employed in the foregoing embodiment, the stabilization element 
is not limited to this. As a matter of course partially-stabilized zirconia containing the stabilization element in a smaller 
quantity may be used. " 

As described above, according to the present invention, the thin zirconia film is formed by employing the electro- 
phoretic deposition method. Therefore, a very thin zirconia film having a uniform thickness can be manufactured with 
excellent yield attained while necessitating a simple apparatus. By preparing the suspension by using ketone or alcohol 
organic solvent, gas generation on the surface of the electrode substrate can be prevented at the time of performing the 
electrophoretic deposition. Therefore, density at which the zirconia particles are deposited on the electrode can be 
raised, and thus a dense film can be obtained. Therefore, the foregoing method is suitable for forming a zirconia film 
that must be formed densely. By adding iodine to the solvent in an appropriate quantity, the electric conductivity of the 
suspension can be raised. As a result the quantity of electrically deposited zirconia per unit time can be enlarged and 
therefore the film can efficiently be formed. Also in a case where the perovskite of oxide represented by general formula 
( Lm-x A x ) y D0 3 ( where Ln is at least one lanthanoids. A is at least one selected from a group consisting of Ca Sr 
and Ba. D is at least one selected from a group consisting of Mn. Cr and Co. and x and y respectively satisfy OsXsl 
and 0.8 a Y s 1 ). which has been generally used as the material of the electrodes of a solid-electrolyte type fuel cell 
is used as the electrode ( the electrode substrate ). on which zirconia particles are deposited at the time of performing 
the electrophoretic deposition, the electrode substrate is not subjected to corrosive substances during the film forming 
process. Thus, deterioration in the substrate can significantly be prevented. Furthermore, the quantity of electrophoretic 
deposition is controlled by means of parameters of the voltage and the time, so that the process of forming the thin 
zirconia film is easily controlled. The solid-electrolyte type fuel cell using the zirconia film manufactured by the method 
according to the present invention exhibits a value considerably approximating a theoretical open-circuit electromotive 
force of a hydrogen/oxygen fuel cell and has excellent power generating characteristics. Therefore, the zirconia film 
according to the present invention is significantly suitable for use in a solid-electrolyte type fuel cell. 

Claims 

1 . A method for manufacturing a thin zirconia film comprising the steps: 

(a) preparing a suspension in which partially-stabilized or stabilized zirconia particles having electric charqes 
are dispersed in a solvent; 

(b) positioning a pair of electrodes in the suspension; 

(c) applying an electric field between the electrodes, said zirconia particles moving to the electrode and said 
zirconia particles being deposited on the electrode electrochemically. thereby a zirconia film being formed; and 

(d) sintenng the zirconia film to form a partially-stabilized or stabilized thin zirconia film. 

2. The method of claim 1 . wherein the suspension is prepared by dispersing the partially-stabilized or stabilized zirconia 
particles in a ketone or alcohol organic solvent. 

3. The method of claim 1 , wherein the organic solvent is acetylacetone. 
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The method of claim 1 . further comprising the step of adjusting a electric conductivity of the suspension by adding 
iodine to the suspension. 

The method of claim 1 , further comprising the steps of: 

adjusting a electric conductivity of the suspension by adding iodine to the suspension; 

monitoring the electric conductivity of the suspension to measure a quantity of iodine that is consumed when 
the particles are electrophoretica lly deposited on the electrode; and 

adding iodine in a quantity corresponding to the consumed quantity. 

The method of claim 1, wherein the electrode, on which the partially-stabilized or stabilized zirconia particles are 
deposited, is made of a perovskite oxide represented by general formula ( Ln<f. x A x ) y DO3 where Ln is at least 
one lanthanoids, A is at least one selected from a group consisting of Ca f Sr and Ba. D is at least one selected from 
a group consisting of Mn, Cr and Co, and x and y respectively satisfy 0 ^Xs1 and 0.8 ^ Y ^ 1. 
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FIG.3 
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FIG.5 
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FIG.7 
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